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Introduction

During recent years, the field of rehabilitative au-
diology has been moving toward the development
and systematic use of questionnaires and psy-
chophysical tests as indicators of clinical and re-
search outcomes. As a result, these instruments
now occupy a greater role in clinical decisions, ei-
ther directly through application in the clinic or
indirectly through research projects aimed at se-
lecting acceptable and/or evidence-based clinical
activities. As greater importance is awarded to the
results of studies using questionnaire and psy-
chophysical outcome measures, clinicians and
clinical researchers must take more responsibility
for the informed selection of the measures.

Gatehouse (2001) notes in this issue of
Trends in Amplification that third-party funding
agencies typically require evidence that a service
was beneficial as a condition for reimbursement.
He further recommends that practitioners moni-
tor their clinical procedures through the evalua-
tion of quantitative data and empirical evidence
of the benefit of a service. This evidence will likely

be sought by examining whether a given service is
likely to provide a better outcome for the listener
than some less expensive service or no service at
all. To this end, the characteristics of the test(s)
used to examine the outcome must be known.
Does the test score actually represent perfor-
mance in the domain, or area, that the tester
wishes to explore? Is this domain distinctly dif-
ferent from other domains that the tester plans to
also explore? What external factors are likely to
influence the scores from the test? What is the
likelihood that a given test will provide a mean-
ingful and different type of information about the
listener's hearing status?

The answers to these questions inform the
tester about the validity of the domain, or the
trait, that the tester wishes to know about, and
the specific test that the tester has chosen to pro-
vide an estimate of that trait. Test reliability, va-
lidity, and the relationships between the quanti-
ties that the investigator wishes to estimate (i.e.,
the object of the measurement) are not trivial, and
the careful evaluation of tests involves research
designs that are not commonly used in audiology.
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There is relatively little information about the
quantitative characteristics of the scores from the
array of tests conventionally used in clinical au-
diology and auditory research. It is possible that
many of the tests that are currently used in audi-
ology measure the same aspect of hearing, but the
scores returned by these tests may be different be-
cause they are influenced by different factors that
are unrelated to the person's underlying ability to
hear. Such tests provide the same information
about the person's hearing status, but differences
in subject responses to the measurement methods
used in each test could lead the clinician or clini-
cal researcher to incorrectly conclude that funda-
mental hearing-related differences exist between
the listeners.

A distinction must be made between the mea-
surement operation that returns an estimate of a
trait and the trait itself. Other things also influ-
ence the outcome of a test, including random
error and the measurement method. Only a few of
these influences are of interest to the tester, and
the remaining influences constitute systematic
bias and random error in the estimate. A test is a
measurement operation encompassing stimuli,
presentation levels, listener instructions, response
criteria, scoring algorithms, question formats, etc.
Only a few aspects of a measurement operation
are relevant to the trait, while others are elements
that must be controlled to obtain reliable data,
but are not influenced by the trait.

In audiology and auditory science, many
traits have been identified (e.g., hearing sensi-
tivity, directional hearing, speech understand-
ing), and many measurement operations have
been developed to estimate a listener's perfor-
mance on these traits. Given the large number
of auditory traits, clinicians and clinical re-
searchers are often left wondering which trait(s)
to include in an evaluation protocol, and which
tests will give the best estimate of these traits.
After making the decision about the traits one
wishes to estimate, another decision must be
made about which test (i.e., measurement oper-
ation) to use as an estimate of each trait. For ex-
ample, if an estimate of speech understanding
in noise is desired, the test protocol developer
can select from the Connected Speech Test (CST),
(Cox et al., 1987a, 1987b; 1988; 1989), the
Hearing-in-Noise test (HINT), (Nilsson et al.,
1994), the Speech Perception in Noise (SPIN)
test (Kalikow et al., 1977) along with many oth-
ers. Note that these tests use psychophysical

methods, wherein an acoustic stimulus is pre-
sented and the listener is asked to report the
word(s) that he or she was able to hear. The
psychophysical method is only one of the gener-
al approaches to estimating a listener's perfor-
mance on a trait. Estimates of a trait are also
commonly obtained through self-report methods.
Self report methods involve a listener's estimate
of hearing performance in a specified situation.
Self-report tests of speech understanding in
noise include the background noise (BN) sub-
scale of the Profile of Hearing Aid Benefit (Cox
et al., 1991) and many others (see Bentler and
Kramer, 2000, for a comprehensive list).

Another approach to estimating listener per-
formance on a trait is through significant-other re-
port methods. With this method, people likely to
be familiar with a listener's performance are asked
to estimate the listener's hearing performance in a
specified situation. This method has been used in
the Significant-Other Assessment of Communication
(SOAC), (Schow and Nerbonne, 1982), and the
Nursing Home Hearing Handicap Index (Schow
and Nerbonne, 1977), among others.

The existence of a large number of tests for
estimating a given trait provides both an advan-
tage and a disadvantage. The advantage is that
the tester may select a test with measurement op-
erations that are well suited to the research pro-
tocol or the clinical environment. The disadvan-
tage is that two tests intended to estimate perfor-
mance on the same trait might not actually esti-
mate the same thing. Information about the va-
lidity of each test of a trait is necessary to evalu-
ate this potential disadvantage.

The validity evidence typically found in the
literature can be described as convergent validity.
Convergent validity data show the amount of
shared variance between tests intended to esti-
mate performance on the same trait. Criterion
validity studies provide convergent validity data.
In this type of study, the correlation between two
tests presumed to estimate the same trait is used
to estimate the amount of shared variance be-
tween the tests. The estimate of shared variance
from a criterion validity study includes the
shared variance between the traits, that is, trait
variance, confounded with the shared variance
between the measurement methods (i.e., the sys-
tematic data patterns arising from the similari-
ties in measurement operations, irrespective of
the trait that the tester wishes to estimate, which
is called method variance).
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To separate the trait variance component of a
given test score from the method variance compo-
nent, it is necessary to administer at least two ad-
ditional tests, one intended to estimate the same
trait but using a different measurement method,
and another estimating a different trait but using
a similar measurement method. The covariance
between tests intended to estimate the same trait
provides an estimate of the trait variance in the
test. The covariance between tests using the same
method provides an estimate of the amount of
method variance in the test. This approach to par-
titioning trait and method variance is the foun-
dation of what is known as a multitrait-multi-
method (MTMM) research design (Campbell and
Fiske, 1959; Nunnally and Bernstein, 1994;
Widaman, 1992), which was used in this study.

After the trait and method components of a
test score have been separated, it is possible to
obtain an unbiased estimate of the amount of
shared variance across traits. This type of infor-
mation is called discriminant validity. Discrim-
inant validity was defined by Nunnally and
Bernstein (1994) as the ability of a test of a trait
to "produce relevant group differences." Discrim-
inant validity information is important because
even if a pair of measurement operations re-
turned perfect estimates of their respective traits,
one cannot justify the inclusion of both tests in a
protocol if the traits are perfectly correlated. In a
more realistic example, where each test returns
an imperfect estimate of the trait, a tester is li-
able to interpret between-test differences in
terms of the trait, although the actual cause of
the score differences might have been an unre-
lated factor, such as a change in the listener's re-
sponse criterion (Cronbach and Meehl, 1955).
Discriminant validity data are rarely reported in
the auditory literature.

Construct validity studies integrate evidence
of convergent and discriminant validity into an
evaluation of whether there is empirical evidence
for a construct, whether constructs can be distin-
guished from one another, and an evaluation of
whether a given test returns an estimate of its in-
tended trait. As such, construct validation is a
central issue in the exploration of an area of
knowledge and in test development. A construct
is a dimension upon which people are expected
to differ. For example, a substantive trait (e.g.,
speech understanding in noise) is a type of con-
struct. However, individual differences in re-
sponse to a measurement method also constitute

a dimension of intersubject differences, and
therefore differences related to the measurement
method also can be considered a construct.

Construct validation procedures provide
many types of information. First, they provide an
unbiased estimate of the relatedness of traits.
Second, they provide an unbiased estimate of the
relatedness of methods. Third, they provide an es-
timate of the size of trait and method variance
components in scores from a test intended to es-
timate a listener's ability on a given trait.
Knowledge of the relatedness of different con-
structs is helpful to clinicians and clinical re-
searchers because a data collection protocol,
whether for clinical or research purposes, is most
efficient when weak relationships exist among the
estimated traits. As the traits estimated by a set of
tests become more closely related, the meaningful
aspects of the test scores become redundant, and
only add to the time it takes to complete the test
protocol. Conversely, if the traits are unrelated,
each test provides unique information about the
state of the listener, providing a richer represen-
tation of the listener's characteristics. Knowledge
about the relationships between traits also ad-
vances theory in the topic area through the
nomolological net (Cronbach and Meehl, 1955),
which is an orderly exploration of the relation-
ships among traits within a given area of knowl-
edge. Estimation of the relationships between the
influences of different measurement methods is
important because the integration of results
across tests using strongly related measurement
methods will have a systematic influence on the
results of a study.

Information about the relative sizes of the
trait and method variance components of a test
can help a tester select the most appropriate test
from an array of available tests. Tests returning
scores having relatively large trait variance com-
ponents will obtain better estimates of a listener's
ability on the trait than tests with smaller trait
components. Tests with relatively large method
variance components will provide a relatively
good estimate of the listener's response to the
measurement operation; however, they will pro-
vide relatively little information about the object
of measurement (i.e., performance on the trait).
Furthermore, performance differences on the trait
will be difficult to detect using a test that is great-
ly influenced by measurement method. Finally,
tests having both small trait and small method
variance components will either contain a great
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deal of unique variance (i.e., variance that is sys-
tematic, but cannot be attributed to the intended
trait), or they will contain little systematic vari-
ance, and thus the test will return scores that are
random and meaningless.

The relationships between constructs and the
relative amounts of these variance components in
common auditory tests can inform the develop-
ment of clinical and research protocols. However, a
review of the audiology literature found no studies
separating trait, method, and unique/error compo-
nents of test scores, or studies providing an unbi-
ased estimate of the relationships among auditory
traits or among common methods used in auditory
tests. The current study provides these data for a
set of three traits (direction and distance hearing,
soft sounds hearing, speech understanding in
noise), and a set of three methods (psychophysical,
self-report, and significant-other report).

Direction and Distance Hearing

The trait of direction and distance (DD) hearing
represents a listener's ability to determine the lo-
cation of a sound source, in terms of azimuth, el-
evation, and distance. Many factors appear to in-
fluence performance on this trait, including in-
teraural time differences, interaural level differ-
ences, a listener's awareness of the acoustic envi-
ronment, and signal audibility (Blauert, 1997;
Wightman and Kistler, 1997).

DD hearing can be estimated via many mea-
surement operations, including psychophysical
approaches, self-report questionnaires, and sig-
nificant-other report questionnaires. Although
much research has focused on DD hearing in
quiet environments, a few studies have estimated
listener performance in noise, which is of consid-
erable interest because typical listening environ-
ments contain noise (Pearsons et al., 1977). Two
studies (Good and Gilkey, 1996; Lorenzi et al.,
1999a) provide systematic evaluations of DD
hearing in normal hearers across a range of signal-
to-noise ratios (SNR), using a click train target
stimulus and a white noise masker. The results of
both studies indicated that DD hearing was resis-
tant to the effects of noise; with nearly perfect
performance obtained at SNR of 0 to 2 dB and
greater. In addition, both studies observed con-
siderable amounts of, and different types of, re-
sponse bias across subjects.

Lorenzi and associates (1999b) also estimated
DD hearing in noise in listeners with sensorineur-

al hearing impairments, using the same proce-
dures as Lorenzi and associates (1999a). The re-
sults were similar to the results obtained with nor-
mal hearers; DD hearing was not influenced by
the masker until the signal was below about 0 dB
SNR. However, in some listeners, DD hearing per-
formance never reached perfect accuracy, even in
quiet. These listeners tended to have poorer pure
tone thresholds, but further data collection and
analyses revealed that the performance decrement
involved more than stimulus detectability.

Self-report methods have also been used to
estimate DD hearing ability (Flamme et al., 1999;
Kramer et al., 1995; Noble and Atherley, 1970;
Noble et al., 1995). There are a few commonali-
ties among the questionnaires used in these stud-
ies. First, although the instruments have different
names, many of them have very similar items.
Second, in the studies where the reliability of the
questionnaire has been evaluated (Flamme et al.,
1999; Kramer et al., 1995; Noble and Atherley,
1970), the scores from the DD hearing scales tend
to have high reliability.

Some self-report questionnaire measures ofDD
hearing have been correlated with psychophysical-
ly-measured DD hearing. Noble and Atherley
(1970) and Kramer and associates (1995) both ob-
served moderate correlations between their re-
spective self report estimates of DD hearing and
psychophysically measured DD hearing. However,
moderate correlations were also noted between
self-report estimates of DD hearing and various
psychophysical measures of the ability to hear soft
sounds (i.e., pure tone thresholds) and understand
speech in quiet (i.e., speech reception thresholds).
Assuming that the traits of DD hearing and soft
sounds (SS) hearing are not strongly related, one
would expect measures of the same trait to corre-
late more strongly with one another than measures
of different traits. It is unknown whether the lack
of a unique relationship between measures of DD
hearing is due to strong underlying relationships
between the traits of DD hearing, SS hearing, and
speech understanding in quiet, or if the observed
correlations indicate a problem with one or both
of the measures of DD hearing.

Soft Sounds Hearing

Soft sounds (SS) hearing represents a listener's
ability to detect low-level signals in the environ-
ment. SS hearing has typically been included in
clinical test protocols, both through unstructured
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interview questions and through psychophysical
measures of pure tone thresholds. Estimates of SS
hearing are often considered a poor indicator of
the communication problems experienced by lis-
teners in typical environments (Erdman, 1994;
Erdman and Demorest, 1998; Swan and Gate-
house, 1990). Moderate correlations are regular-
ly obtained between psychophysically measured
estimates of SS hearing (i.e., pure tone thresh-
olds) and hearing disability and handicap. This is
often interpreted as an indication that pure tone
thresholds fail to include important factors that
impact function in daily life, for example, the
noise environment, listener compensatory strate-
gies, and so on (Erdman and Demorest, 1998).

Although SS hearing is typically estimated
using psychophysical methods, questionnaires can
also serve as indicators of SS hearing. Coren and
Hakstian (1992) report the development of the
Hearing Screening Inventory (HSI), a 12-item
self-report questionnaire designed to correlate
strongly with psychophysically measured esti-
mates of SS hearing. Coren and Hakstian (1992)
reported a strong correlation (r = .81) between
the HSI scale score and bilateral four-frequency
average hearing level (4FAHL), at mean thresh-
olds across 500, 1000, 2000, and 4000 Hz.

Speech Understanding in Noise

The third trait examined in this study is speech
understanding in noise, or understanding in noise
(UN) hearing. Many tests have been developed to
estimate UN hearing performance, and the tests
encompass psychophysical, self-report, and sig-
nificant-other report methods. Cox and associates
developed the Connected Speech Test (CST),
which uses a psychophysical method. This test
uses conversationally produced speech by a talk-
er who demonstrated median intelligibility across
a number of listening environments (Cox and as-
sociates, 1987a), and the test contains a large
number of equivalent forms and sufficient sensi-
tivity to detect a SNR change of 2 dB. Normative
data were obtained for the CST test with people
having normal hearing (Cox et al., 1987b) and
hearing impairments (Cox et al., 1988). The in-
ternal consistency reliability of the CST is high (ct
= .98).

Certain subscales of the Profile of Hearing Aid
Benefit (PHAB) (Cox et al., 1991) are likely to
provide a good estimate of UN hearing ability

using self-report methods. The PHAB is a modi-
fied form of the Profile of Hearing Aid Perfor-
mance (PHAP) (Cox and Gilmore, 1990). The
PHAP questionnaire was designed to estimate
performance on a number of traits with a num-
ber of hearing aid wearers. The PHAB includes
listener judgments of performance with aided
and unaided listeners; the difference between
these scores provides an estimate of hearing aid
benefit. The PHAP/PHAB contains multiple sub-
scales, estimating performance with familiar talk-
ers, ease of communication, understanding
speech in background noise, hearing under con-
ditions of reduced cues, hearing in reverberant
conditions, the level of distortion of sounds, and
the aversiveness of sounds. An evaluation of the
internal consistency reliability of these subscales
indicates a reasonable level of internal consis-
tency reliability (cc = .85-.91, across subscales).
As estimates of UN hearing, only the background
noise and reverberation subscales are relevant to
the current study.

Measurement Methods

Psychophysical methods have conventionally
been regarded as gold standard or objective ap-
proaches to estimating auditory traits. But psy-
chophysical methods are as susceptible to influ-
ences from irrelevant factors as other estimation
methods. Choices regarding stimuli, listening en-
vironments, response criteria, and experiment du-
ration might be irrelevant to the trait of interest,
but may create systematic score differences
among subjects. Psychophysical methods have the
advantage of known stimuli, but they have the
disadvantage that the stimuli are not necessarily
representative of the stimuli presented to a lis-
tener in his/her daily life.

Self-report methods have the practical ad-
vantage of requiring little instrumentation (i.e.,
the test form and a pencil), and they provide
greater assurance that the responses represent the
listener's daily life experience. However, self-re-
port methods lack well-defined stimuli, and al-
though listening conditions may be reliably cate-
gorized across people, one cannot be certain that
these listening conditions are acoustically similar.

Significant others play a major role in en-
couraging people with hearing impairment to
seek help, possibly because hearing impairments
cause a participation restriction for the hearing-
impaired person's conversation partners. O'Mahoney
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and co-workers (1996) found that only about
25% of people consulting a professional about a
hearing problem were self-motivated. The major-
ity of their subjects were motivated by family
members or friends to address their hearing diffi-
culties. Because significant others play such a
large role in a person's choice to seek help for
their hearing problem, the accuracy with which
they judge the performance of a listener should
be evaluated. A number of investigators (Chmiel
and Jerger, 1993; Lormore and Stephens, 1994;
Newman and Weinstein, 1986; Schow and
Nerbonne, 1977, 1982; Stephens et al., 1995)
have investigated the abilities of significant others
to judge the communication performance of peo-
ple with hearing problems. In general, research
involving the reports of significant others has
used modified tests that were originally devel-
oped as self-report tests. In most cases, the mod-
ification consisted of the replacement of first-per-
son statements (e.g., "I") with third-person (e.g.,
"he" or "she") statements. With the exception of
the SOAC (Schow and Nerbonne, 1982), no psy-
chometric evaluations of the modifie-d instru-
ments were reported. Schow and Nerbonne eval-
uated the test-retest reliability of the SOAC and
found it to be acceptable (r = .90).

The current study was designed to examine
the construct validity of three traits (DD hearing,
SS hearing, and UN hearing), and three mea-
surement methods (psychophysical, self-report,
and significant-other report). A multitrait-multi-
method design encompassing three traits and
three methods requires the administration of nine
measures, one for each combination of trait and
method. Although measures of each trait using
psychophysical and self-report methods were
readily available, measures using the significant-
other report method were developed for use in
this study. This development process followed the
conventional approach of replacing first-person
statements with third-person statements.

Method

General Procedure

Hearing-impaired adults and significant others
participated in this study. For each participant
three estimates of listener performance on each
trait were obtained. Each test of a given trait used

a different method (psychophysical, self-report,
and significant-other report). Thus, each hearing-
impaired participant completed three psy-
chophysical and three self-report questionnaire
measures. Significant others (SO) completed
three questionnaire measures. Self-report ques-
tionnaire measures were always completed before
psychophysical measures were conducted. All
questionnaires were completed in a paper and
pencil format. To counteract potential order ef-
fects, measurement order was randomized across
subjects, within each measurement method.

Psychophysical tests took place in a 1.5 x 2.2
m single-walled sound booth with ambient sound
levels sufficient for insert earphone threshold test-
ing below 0 dB HL at frequencies above 250 Hz
(ANSI S3.1, 1998). Reverberation times (RT60)
measured at the listener's location in the sound
booth were 129, 46, 37, 43, 49, and 51 msec for
1/3 octave band signals surrounding 250, 500,
1000, 2000, 4000, and 8000 Hz, respectively.

Participants

Because this study evaluated patterns of inter-
subject differences, few inclusion or exclusion cri-
teria were used. A narrowly defined subject pop-
ulation might have resulted in a restricted re-
sponse range, potentially biasing relationships. To
participate in the study, subjects with hearing im-
pairments needed to report an ability to judge
their performance without hearing aids, regard-
less of whether they typically wore hearing aids.
To participate in the study, significant others had
to classify their amount of hearing difficulty as
none or mild, on a scale of none, mild, moderate,
moderately severe, and severe. No gender, age,
or education criteria were considered for inclu-
sion. All participants were paid.

Because the questionnaires are written in
English, only individuals who used English as
their primary language participated. The Flesh-
Kincaid reading level of the questionnaire items
was measured using Microsoft Word 97. The
questionnaire with the highest grade level was
the Profile of Hearing Problems (grade 8.1),
which is described below. To ensure ability to
read and understand questionnaire items, all
participants demonstrated an ability to read
above the ninth grade failure reading level on
the Woodcock Word Identification test (Wood-
cock, 1973).
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In the factor analysis literature, there is a lack
of consensus about the sample size necessary to
obtain a stable and accurate estimate of popula-
tion values. Nunnally (1978) and Cattell (1978)
offered some rules of thumb; however, these rules
of thumb find little support in empirical evalua-
tions (Arrindell and van der Ende, 1985; Barrett
and Kline, 1981; Guadagnoli and Velicer, 1988).
The accuracy and stability of a factor analytic so-
lution involves more than sample size (Mac-
Callum et al., 1996; MacCallum et al.,1999).
Communalities also play an important role
(Guadagnoli and Velicer, 1988; MacCallum et al.,
1999). Communalities represent the proportion
of variance in a variable that is associated with
common factors. High communalities (e.g., val-
ues of .80 or greater, indicating that 80% of the
variance in a variable is associated with the com-
mon factors) indicate that the variable is highly
influenced by its causal factor(s). A smaller sam-
ple is required when variables have high commu-
nalities. MacCallum and associates (1999) found
that sample size has a small impact on the preci-
sion of parameter estimates when communalities
are greater than about .60.

Communality values vary with the substan-
tive area of research and the data set under
analysis. For this reason, a priori estimates of
the required sample size could not be made.
The power for detecting a single correlation was
used to determine this study's sample size. A
target sample size of 50 was selected because
an absolute correlation magnitude of r = .30
was arbitrarily decided to be the smallest inter-
esting effect. A correlation of r = .30 in the
MTMM correlation matrix would suggest that
only 9% of the variance in one test can be pre-
dicted based on another measure. Given a Type I
error level of .05, and a population correlation
magnitude of .30, a sample size of 50 provided
a power level between .5 and .6, with greater
power to detect larger effects. For example, if
the effect size were r = .40, the estimated
power would be between .80 and .90 (Rosen-
thal and Rosnow, 1991).

criterion, leaving 49 subjects with hearing impair-
ments and their significant others in the sample.

Hearing aid ownership was not an inclusion
or exclusion criterion. The majority of hearing-
impaired listeners (74%) judged their unaided
hearing difficulty to be either moderate or mod-
erately severe. Approximately equal numbers of
hearing-impaired subjects judged their unaided
hearing difficulty to be either mild or severe, with
14% and 12% of subjects, respectively. The aver-
age age of hearing-impaired participants in this
study was 73.9 (SD: 11.2). Approximately 29%
of the hearing-impaired subjects in this sample
were female.

The subjects in this study had sensorineural
hearing loss. The majority (92%) of the hearing-
impaired participants in this study had symmetric
hearing loss, as defined by between-ear 4FAHL
(mean pure tone threshold across 500, 1000,
2000, and 4000 Hz) differences less than or equal
to 15 dB. Figure 1 represents the average pure
tone thresholds, across hearing-impaired partici-
pants in this study. Standard deviations are also
represented. Additional pure tone threshold in-
formation is provided in the Results section.
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Fifty-two of the 170 people asked to participate in
this study volunteered. Two subjects dropped out
due to health problems, another subject's significant
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Figure 1. Mean pure tone thresholds for participants
with hearing impairment (error bars represent ± 1 SD).
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Significant Others
Significant others fit into three basic categories,
spouses (n = 37), children/relatives (n = 7), and
close friends (n = 5). The mean age of spouses
was 68.0 (SD: 12.4). The mean age of chil-
dren/relatives was 47.9 (SD: 11.9). The mean
age of close friends was 71.5 (SD: 6.2).
Significant others were predominately female
(87%, 86%, and 100% for spouse, child/relative,
and close friend subgroups, respectively).

Tests

All sound field stimuli were measured at the lo-
cation in the test room that was occupied by the
center of the listener's head, hereafter referred to
as the "reference position." Stimuli delivered via
earphones were calibrated in a HA-1 2cc coupler.
Each psychophysical stimulus was calibrated at
the beginning of each test day.

Direction and Distance Hearing
Psychophysical test stimuli. The target signal was
a train of 23-A,sec impulses, repeated at a rate of
100 Hz and digitally low-pass filtered at 11 kHz.
The click train duration was approximately 300
msec. The masker was white noise, digitally low-
pass filtered at 14 kHz. The noise masker dura-
tion was approximately 900 msec, and was gated
on and off using a 25-msec Hanning function.
Signals were filtered to produce a flat 1/3-octave
band frequency response between 100 and
16,000 Hz. The root mean square (RMS) devia-
tions to a flat spectrum were less than 1 dB across
this frequency range. One-third octave band sig-
nal and noise spectra were matched within 0.5
dB between 125 and 16,000 Hz.

The click train was presented at an overall
level of 64 dBA at the reference position; the
masker was presented at 66 dBA. The level of the
click train was selected to match the overall level
of the target talker in the psychophysical test of
UN hearing. The signal-to-noise ratio of 2 dB was
selected to ensure intersubject score differences,
which are necessary in this type of research. To
eliminate the possible use of low-level system
noises for localization cues, a white noise signal
was equalized to produce a flat (±2 dB) spectrum
between 125 and 10,000 Hz, amplified, and rout-

ed to a loudspeaker located directly above the
loudspeaker at 0-degree azimuth in the sound
booth. This continuous low level signal was pre-
sented at 54 dBA at the reference position. At
each 1/3 octave band between 125 and 10,000
Hz, this white noise was at least 15 dB above any
system noise.

Psychophysical test apparatus. The click train
was converted into analog form using a 32-bit
sound card on board a 266-MHz PC computer.
The 900-msec white noise was generated in MAT-
LAB as a vector of normally distributed random
numbers. The continuous low-level white noise
masker was generated by Tucker-Davis
Technologies (TDT) WG1 waveform generator.
The 900-msec noise was gated using the MATLAB
hanning.m software function. Because short-du-
ration white noise samples were used, any single
sample could deviate from a flat spectrum. To
control for these deviations, ten tokens of white
noise were generated. Ten stereo .wav sound files
were created within MATLAB. The same click
train waveform was used in one channel of each
file; different noise tokens were stored in the
other channel in each file.

TDT PA4 programmable attenuators, Klark-
Teknik DN360 graphic equalizers, Crown D-150
power amplifiers, and Optimus Pro 7 AV loud-
speakers were used to obtain the desired overall
signal levels at the reference position. Seven loud-
speakers were placed in 30-degree increments
from -90 degrees azimuth to +90 degrees az-
imuth, with the loudspeaker faces 1 m from the
reference position, at 0 degrees elevation.

Psychophysical test procedure. The psy-
chophysical DD hearing test consisted of 14 prac-
tice stimulus presentations (i.e., two per loud-
speaker) and 140 experimental stimulus presen-
tations (i.e., 20 per loudspeaker). For each pre-
sentation, the amplified click train was randomly
routed to one of seven loudspeakers. The 900-
msec white noise was routed to one of the loud-
speakers, at either 90 degrees or -90 degrees az-
imuths. Hence, both signals came from the same
loudspeaker in one seventh of the trials. The prac-
tice run procedure was the same as the experi-
mental run, but with a + 2 dB SNR. Subjects were
asked to report the loudspeaker from which the
buzzing sound came; responses were given via a
keypad, and automatically entered into a com-
puterized scoring program. No feedback was
given during the practice or experimental stimu-
lus presentations, but in a few cases, a separate
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practice run without the 900-msec noise was pro-
vided to help the listener discriminate the two
signals. The low-level white noise masker was
presented continuously throughout the experi-
mental run.

Questionnaires. Self-report indications of DD
hearing were obtained using the 14 item LOCATE
questionnaire (Flamme et al., 1999). Instructions
asked the participants to answer each question as
if they were not wearing hearing aids, if they
owned any. Significant-other report estimates of
DD hearing were obtained using the LOCATE-SO
questionnaire. This questionnaire was identical to
the standard LOCATE form, except that "I" state-
ments were replaced by "he/she" statements.
Instructions stated that participants were to an-
swer each question as if the hearing-impaired per-
son were not wearing hearing aids, if the hear-
ing-impaired person owned any. Instructions and
questionnaire forms are reproduced in Flamme
(2000).

Soft Sounds Hearing
Psychophysical test stimuli. Pure tones were pre-
sented at audiometric test frequencies between 250
and 8000 Hz. Tones were manually pulsed with a
minimum 200-msec duty cycle (i.e., 200/200).
Intensity was adjusted in 5-dB increments.

Psychophysical test apparatus. Listeners were
seated in a single-walled sound booth during
measurements. Stimuli were generated with a
Madsen OB-922 clinical audiometer and routed
through ER-3A insert earphones.

Psychophysical test procedure. Threshold for
a given stimulus was obtained using standard
clinical procedures. Threshold was defined as the
lowest level audible to the subject on at least two
of three trials (ANSI, 1986). For each ear, pure
tone thresholds were tested in the following
order: 1000, 2000, 4000, 8000, 6000, 3000,
1500, 750, 500, and 250 Hz.

Questionnaires. A modified form of the HSI
(Coren and Hakstian, 1992) was administered to
each hearing-impaired participant. One item in
the original HSI was excluded from this ques-
tionnaire because a similar item was included in
the LOCATE questionnaire. Participants were in-
structed to respond to the items as if they were
not wearing hearing aids, if they owned any.
Significant-other rated indications of SS hearing
were obtained using the significant-other version
of the modified HSI. Significant others were in-

structed to respond to items as if the hearing-im-
paired person were not wearing hearing aids, if
they owned any. Instructions and questionnaire
forms are reproduced in Flamme (2000).

Understanding in Noise Hearing
Psychophysical test stimuli. Target talker and
babble stimuli from the CST (Cox et al., 1988)
were used. The left babble signal was taken from
the compact disk track holding the target sen-
tence. The right babble signal was taken from a
separate track of the compact disk. Therefore, the
multitalker babble signals were uncorrelated. The
talker signal was presented at the reference posi-
tion at 64 dBA, and each multitalker babble signal
was presented at 58 to 59 dBA, with summed
babble levels of 62 dBA. These absolute and rela-
tive levels were used because they represent ap-
propriate levels for a typical difficult listening sit-
uation (Cox et al., 1991; Pearsons et al., 1977).
The RMS deviations from a flat 1/3-octave band
response were less than 1 dB in the frequency
range between 100 and 16,000 Hz.

Psychophysical test apparatus. The CST talk-
er and babble signals were played from a CD-
ROM and amplified. The CST talker signal was
presented from the loudspeaker at 0-degree az-
imuth and elevation, 1 m from the center of the
listener's head. The CST multitalker babble signal
was presented from loudspeakers at ±90-degrees
azimuths. Note that these loudspeakers also were
used in the psychophysical localization test. To
control for deviations from a flat frequency re-
sponse caused by the loudspeakers and room re-
verberations, CST talker and babble stimuli were
filtered using separate channels of Yamaha
G-Q1031BII or Q2031A graphic equalizers.

Psychophysical test procedure. Testing was
preceded by two to three practice passages.
During testing, listeners were presented with one
set of 12 CST passages, which resulted in 300
scored words. Scores for the CST were calculated,
transformed into rau (Studebaker, 1985) and
recorded using the CST v.6 software program.

Questionnaires. Self-report tests of UN hear-
ing were obtained using the unaided portion of
the PHAB, hereafter referred to as the Profile of
Hearing Problems (PHP). Instructions asked hear-
ing-impaired listeners to estimate their unaided
performance in each situation. Respondents were
aware that reversed items were included in the
questionnaire.
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Significant-other tests of UN hearing were ob-
tained using a modified form of the PHP, here-
after referred to as the PHP-SO. The significant-
other form of the PHP was identical to the self re-
port version, except that "I" statements were re-
placed by "he/she" statements. Instructions stated
that participants were to respond to each item as
if their significant other were not hearing aids, if
they owned any. Significant others were made
aware that reversed items were present in the
questionnaire.

Results

This study provides three types of information.
First, the data provide estimates of the relation-
ships between the traits of DD hearing, SS hear-
ing, and UN. Second, estimates of the relation-
ships between psychophysical, self-report, and
significant-other report measurement methods
can be obtained via these data. Finally, one is able
to estimate the relative influences of these con-
structs on a group of nine tests, representing each
combination of trait and method. These estimates
were made for a group of 49 adult subjects with
hearing impairments in unaided conditions.

All tests requiring estimates from significant
others were developed for use in this study, and

the LOCATE questionnaire, a self-report test esti-
mating DD hearing, had not previously been ad-
ministered to unaided listeners with hearing im-
pairments. A complete evaluation of the individ-
ual psychometric properties of these four instru-
ments is beyond the scope of this paper, but these
data are reported in Flamme (2000).

Analyses of this study's data are reported in
three different ways. First, the MTMM correla-
tion matrix is examined. Next, the evidence for
convergent and discriminant validity is evalu-
ated in terms of a comparison of the fit of a
nested series of confirmatory factor analysis
(CFA) models. Finally, the individual coeffi-
cients from the MTMM CFA are examined.
Results from each analysis approach support
similar conclusions.

Individual Test Results

Descriptive statistics for each of the tests in this
study are reported in Table 1. Localization of the
click train stimulus is reported as the root mean
square (RMS) difference between the actual and
judged sound source, in degrees. The tests of DD
hearing using self-report and SO-report methods
are expressed in the units of the LOCATE and LO-
CATE-SO response scale, where responses of "al-
most always," "often," "sometimes,", and "almost

Table 1
Descriptive Statistics

Test Label Trait Method Mean SD Range K-SZ Cronbach's alpha

Click localization DD Psychophysical 40.7 degrees 28.1 9.5, 108.2 1.69* Not tested

LOCATE DD Self-report 2.6 scale units 0.6 1.3, 4.0 0.57 .93

LOCATE-SO DD SO report 2.8 scale units 0.7 1.0, 4.0 0.69 .92

Bilateral 4FAHL SS Psychophysical 54.5 dB HL 12.0 27.5, 76.3 0.48 Not tested

HSI SS Self-report 3.3 scale units 0.5 2.5, 4.6 0.69 .71

HSI-SO SS SO report 3.5 scale units 0.6 2.4, 5.0 0.82 .77

CST UN Psychophysical 33.0 rau 32.6 -20.1, 91.6 0.53 Not tested

PHP BN UN Self-report 62.2 percent problems 17.2 12.3, 90.8 0.73 .91

PHP-SO UN SO report 63.7 percent problems 18.0 35.1, 93.1 0.73 .95
BN and RV

N = 49; *p < .05.
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never" were assigned values of 1, 2, 3, and 4, re-
spectively. Thus, mean responses between the
values of 2 and 3 indicate that across the 14
items, subjects tended to report correct localiza-
tion "often" or "sometimes," and high numbers
represent greater amounts of limitation of local-
ization ability.

The test of SS hearing using the psychophys-
ical method was the pure tone threshold, in dB
HL, averaged across the frequencies of 500, 1000,
2000, and 4000 Hz, and also averaged across
ears. Self- and SO-report tests were expressed in
the units of the HSI and HSI-SO response scale.
Unlike the LOCATE and LOCATE-SO, the HSI and
HSI-SO questionnaire does not use the same re-
sponse set for all items. For this reason, it is diffi-
cult to interpret mean responses in terms of the
response categories, however, higher HSI and
HSI-SO scores represent greater amounts of soft
sound hearing activity limitations.

The test of UN hearing using the psy-
chophysical method was the connected speech
test score, expressed in rationalized arcsine units
(rau). For this test, higher scores represent lower
levels of performance. The self- and SO-report
tests of UN hearing provided scores expressed in
percentages of hearing problems experienced in
daily life, thus higher scores represent greater
amounts of problems.

The normality of the distributions of test
scores was evaluated using the Kolmogorov-
Smirnov (K-S) Z statistic. Only the click localiza-
tion task was identified as having a non-normal
distribution. Examination of the distribution re-
vealed that the mean of the RMS error scores was
slightly skewed in the direction of poorer scores.

The internal consistency reliability of test
scores was evaluated using Cronbach's alpha sta-
tistic. By subtracting this statistic from 1.0, one ob-
tains an estimate of the amount of random error
in the test scores. Thus, high alpha values are de-
sirable, with values exceeding 0.90 being desir-
able for making clinical decisions (Nunnally and
Bernstein, 1994). Note that internal consistency
reliability estimates were not obtained for the psy-
chophysical variables because the necessary infor-
mation was not recorded during data collection.

Multitrait-Multimethod Results

The preceding results show that, in general, each
of the nine tests in this study returned scores that

were normally distributed, except in the case of
the psychophysical test estimating DD hearing,
and all of the measures without relevant prior
psychometric data have shown acceptable inter-
nal consistency reliability.

Before conducting the Multitrait-Multimethod
(MTMM) analyses, a scatterplot matrix of the
data was examined for evidence of nonlinear re-
lationships and outliers (Figure 2). Note that the
variables in Figure 2 are arranged identically to the
MTMM correlation matrix in Table 2, described
below. Distributions of each variable are repre-
sented along the principal diagonal, in histogram
form. In the scatterplot panels of Figure 2, all rela-
tionships between variables were observed in the
expected directions, with negative relationships be-
tween all variables and the CST test, which is
scored so that lower values represent poorer per-
formance. Though each of the scatterplots on the
off-diagonal of Figure 2 show considerable spread
of scores, a clear trend can be seen in each sub-
plot. With the exception of the scatterplots in-
volving the click localization test, the trends are
linear. Scatterplots that included the click local-
ization test appeared to have a slight curvilinear
trend. In these scatterplots, the addition of a qua-
dratic term to a linear regression model failed to
significantly improve the fit of the model; hence
all relationships were regarded as linear in the
subsequent analyses. It is possible that the appar-
ent curvilinearity is the result of the non-normal
distribution of click localization scores.

An objective evaluation of outlying data
points implemented in EQS v5.5a did not indicate
any data points that had an extreme influence on
the results of this study. An overall test of multi-
variate kurtosis indicated that the data did not
significantly deviate from multivariate normality
(normalized Mardia's coefficient = -1.502; p =
0.129), which means that the data were not
shown to violate the assumptions of the inferen-
tial statistics used in the confirmatory factor
analysis, described below.

Multitrait-Multimethod Correlation Matrix
Using SPSS v.8.0, Pearson correlation coefficients
were calculated among the nine tests included in
this study. Table 2 represents the lower triangle
of this multitrait-multimethod correlation matrix.
This matrix is organized primarily by measure-
ment method (i.e., PP, SR, SOR), with the traits
nested within each level of the method factor.
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Figure 2. Scatterplot matrix of raw data used in outlier identification. Clicks = click localization test;
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scale score; HSI = HSI scale score; PHP = unaided PHAB BN scale scores; LOCATE-SO = LOCATE-
significant-other scale score; HSI-SO = hearing screening inventory significant-other scale score;

PHP-SO = PHAB significant-other scale score.

Therefore, the first row and column represents all
correlations associated with the test that com-
bined the psychophysical method and the DD
hearing trait, the second row and column repre-
sents all correlations associated with the test that
combined the psychophysical method and the SS
hearing trait, etc. For simplicity, correlations in
Table 2 are expressed in absolute values.

The multitrait-multimethod correlation ma-
trix was evaluated using four criteria. First, the
validity entries (in boldface) should be signifi-
cantly different from zero. This criterion provides
evidence of convergent validity. All correlations
are significantly different from zero; thus, the
convergent validity criterion was met, which
means that each measure of each trait was shown
to be significantly correlated with other measures
of the same trait.

The remaining three criteria provide evidence
of discriminant validity, which represents the ex-
tent to which estimates of different traits provide
unique trait-based information. Following the
MTMM correlation matrix analysis guidelines of
Bagozzi (1993), the discriminant validity criteria
are not met. First, within each boxed group of co-
efficients, the validity entries should be higher
than other values lying in the same column and
row. Nine of the 36 correlations (25%) fail to
meet this criterion. Second, the correlation be-
tween two measures of the same trait should be
larger than the correlation between two measures
of different traits that use the same method. In
Table 2, this criterion requires that each of the
bolded values should have a greater absolute
magnitude than any underlined values.
Approximately 64% (25/36) of the correlations
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Table 2
MTMM Correlation Matrix

Psychophysical (PP)

Methods DD SS UN

DD

pp SS

UN

Self-Report (SR)

DD SS UN

Significant-Other
Report (SOR)

DD SS UN

.664'

.712'1 .799i

.582t .523'--

.586* .581'l; .487T

.614 .585* 453i .701J

.464--+; .385'; .618* .329- .381;'

.680* .603 -; .617 .669* .648-'- .445

.677-' .664* .610 .615' .670* .418- .805-i-

DD = directional and distance hearing; SS
UN = speech understanding in noise.
*Trait coefficients.
Method coefficients.

soft sounds hearing;

-Correlations with neither trait nor method in common.
All values are significantly different from zero (p < .05).

in Table 2 violate the second criterion. Third, the
same pattern of trait interrelationship should be
shown in all contiguous groups of small typeface
coefficients. These coefficients represent the rela-
tionships between measures that share neither
trait nor method, so they represent the summed
effects of trait covariance and method covariance.
If the measures are not greatly influenced by
measurement method, these coefficients should
have the same rank-order throughout Table 2. For
example, in the box in the lower left corner of the
table, the lower triangle of three coefficients show
the strongest relationship between the estimates
of SS and UN hearing, with the next strongest re-

lationship between DD and UN hearing, and the
smallest relationship between DD and SS hear-
ing. In the lower triangle of the box immediately
to the right, a different rank-order was observed.
In this group, the strongest relationship was be-
tween DD and SS hearing, the next strongest re-

lationship was between SS and UN hearing, and
the weakest relationship was observed between
DD and UN hearing. Three rank-order relation-

ships were observed in the triangles representing
relationships sharing neither common traits nor
common methods. In 50% (3/6) of these trian-
gles, the strongest relationship was noted be-
tween SS hearing and UN hearing, followed by
the relationship between DD hearing and UN
hearing, and finally the weakest relationship was
noted between DD hearing and SS hearing. In
33% (2/6) of these triangles, the strongest rela-
tionship was noted between DD hearing and SS
hearing, followed by the relationship between SS
hearing and UN hearing, and finally the weakest
relationship was noted between DD hearing and
UN hearing. In one of these triangles (17%), the
strongest relationship was noted between SS
hearing and UN hearing, followed by the rela-
tionship between DD hearing and SS hearing, and
finally the weakest relationship was noted be-
tween DD hearing and UN hearing.

The MTMM correlation matrix (Table 2) gives
little evidence of discriminant validity. The dis-
criminant validity criteria were violated in 25%,
64%, and 50% of the cases, although they would
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be expected to be violated in no more than 5% of
the cases (Bagozzi, 1993). In summary, analysis
of the MTMM correlation matrix suggests good
evidence of convergent validity, but little evi-
dence of discriminant validity. The finding of
good convergent validity means that there is evi-
dence supporting the existence of the traits in-
cluded in this study. The finding of poor discrim-
inant validity means that the traits included in
this study are strongly related to one another, and
that although the traits were shown to exist, they
are not independent factors and might be com-
pletely redundant with one another. So although
DD, SS, and UN hearing are conceptually differ-
ent, the quantitative differences between the
traits might be small enough to preclude their es-
timation in an efficient test protocol. Finally, the
MTMM correlation matrix does not offer a mech-
anism through which individual tests can be eval-
uated. This type of information is obtained
through the CFA that follows.

Confirmatory Factor Analysis
MTMM CFA provides a more formal evaluation of
construct validity than the preceding correlation
matrix evaluation. Like exploratory factor analysis
(e.g., principal components analysis), CFA fits a
structural model to the observed data. However,
in the case of a CFA, the investigator is allowed
control over the model details (e.g. number of
factors, the number of causal influences on a

given test, etc.). This provides a mechanism by
which rival hypothetical structures can be empir-
ically compared.

MODEL COMPARISONS
The confirmatory factor analysis was performed
using the guidelines of Byrne (1994), using EQS
v.5.5a. Four nested models were tested. Model 1
is designed such that the covariances between
traits and between methods are freely estimated.
Model 2 hypothesizes that the observed data
was the sole result of method variance, i.e., no
traits, but freely correlated methods. Model 3
hypothesizes perfectly correlated traits and
freely correlated methods. Method 4 hypothe-
sizes freely correlated traits and perfectly corre-
lated methods.

The overall goodness of fit of each model was
evaluated using two statistics, reported in Table
3. The chi-square statistic evaluates the probabil-
ity of the observed deviations from the specified
model's covariance matrix, assuming the specified
model is correct. Larger chi-square values indi-
cate a poor fit of the model to the observed data.
Thus, a significant chi-square indicates that the
model is unlikely to produce the observed data.
The comparative fit index (CFI) statistics also
were computed. The CFI values range between 0
and 1.0, with a value of 1.0 representing a perfect
fit to the data. This index is reported because it
provides a relatively accurate estimate of fit in

Table 3
Summary of Goodness of Fit Indices for MTMM CFA Nested Models

Comparative
Model %2 df Fit Index

1 Freely correlated traits; 5.669 14 1.000
Freely correlated methods

2 No traits; 57.486* 26 .884
Freely correlated methods

3 Perfectly correlated traits; 10.497 17 1.000
Freely correlated methods

4 Freely correlated traits; 15.210 17 1.000
Perfectly correlated methods

-p < .001.
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small samples and because it can be interpreted
like the coefficient of determination in regression
analyses (Bentler, 1995). The statistics in Table 3
indicate that, although each of the models had
high CFI values, Model 1 (i.e., the model with trait
correlations that were freely estimated and
method correlations that were also freely estimat-
ed) provides the best overall fit to the data.

Differences in the goodness of fit indices in
Table 3 are used to evaluate the convergent and
discriminant validity of the traits in the model. As
previously noted, Model 1 provided the best over-
all fit to the data, however, the fit of Model 1 may
not be significantly better than the other models,
and these differences are relevant to the validity of
the trait and method constructs. Table 4 repre-
sents the differences in the goodness of fit indices.
Smaller differences in goodness of fit chi-square
values indicate that there is little difference in the
compared models' abilities to fit the data. The sig-
nificantly better fit of Model 1 over Model 2 (AX2
(12) - 51.817; p < .001) is evidence of convergent
validity for the MTMM CFA model. This is because
the model that hypothesized the presence of no
traits provides a significantly poorer fit to the ob-
served data than the model that hypothesized that
traits were a partial cause of the data.

Discriminant validity, at the model level, was
evaluated by the difference tests in the bottom
section of Table 4. The test of the discriminant
validity of the traits was nonsignificant (AX2 (3) =
4.828; p = .185). This result indicated that a
model hypothesizing perfectly correlated traits
(i.e., indiscriminable traits) and freely correlated

methods resulted in a practically equal fit to a
model with freely correlated, but discriminable,
traits and methods. The difference in CFI (ACFI =
.000) was consistent with this outcome.

The test of the discriminant validity of the
methods was significant (AX2 (3) = 9.541; p =
.023) This result indicated that a model hypothe-
sizing perfectly correlated methods (i.e., indis-
criminable methods) and freely correlated traits
resulted in a significantly poorer fit to the ob-
served data as a model with freely correlated, but
discriminable, methods and traits.

PARAMETER COMPARISONS
The lack of evidence for discriminant validity of
the traits in the goodness-of-fit results suggests
that the empirical traits of DD hearing, SS hear-
ing, and UN hearing are very strongly related to
one another. To further examine the issues of
convergent and discriminant validity, parameter
estimates for the best fitting MTMM CFA model
(i.e. Model 1) are reported. This model was cho-
sen over the model hypothesizing perfectly cor-
related traits (i.e. Model 3) because the follow-
ing data show slight evidence that the correla-
tions between DD and other hearing traits are sig-
nificantly lower than 1.0, hence the restrictive as-
sumption of perfectly correlated traits seems un-
justified. The evaluation of these parameter
estimates also provides a way to estimate the rel-
ative size of trait and method influences on the
tests included in this study.

Table 4
Differences in Goodness of Fit Indices for MTMM CFA Nested Models

Difference (A) in

Model Comparisons X2 df Comparative Fit Index

Test of Convergent Validity

Model 1 vs Model 2 51.817 12 .066

Test of Discriminant Validity

Model 1 vs Model 3 (traits) 4.828 3 .000

Model 1 vs Model 4 (methods) 9.541* 3 .000

*p < .05; -p < .001.
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The best-fitting parameter estimates for
Model 1 are presented in Figure 3. Scores from
the individual measurement operations (i.e., tests)
are represented by squares. Circles represent the
constructs hypothesized to cause some of the sys-
tematic variance in these scores. The constructs at
the top of the figure are trait factors; those at the
bottom are method factors. Unidirectional arrows
represent supposed causal relationships; bidirec-
tional arrows represent associations without a hy-
pothesized causal direction.

Examination of each test (i.e., each square)
will show that each test is hypothesized to be

caused by three factors. One of these factors is
the substantive trait presumed to be estimated
by the test, the second is the measurement
method, and the third is a unique/error factor
representing all variance that cannot be attrib-
uted to either of the other sources. One can in-
terpret each test in the model as a dependent
variable in a multiple regression equation, where
the coefficients leading to each test represent
standardized regression coefficients predicting
the outcome of that test. For example, for the
click localization test, the form of the regression
equation would be:

- %.......lV% . -T

%. .. ~~~. ---
-.27k - -- -. -

- *Nonsignificant (p>.05)

Figure 3. Structure for MTMM CFA Model 1 and best-fitting parameter estimates. Squares represent tests, circles
represent trait and method constructs. All solid arrows represent significant relationships. Broken arrows represent
nonsignificant relationships. High correlations between traits indicate that the trait components of the tests are
strongly related. High values between the constructs and tests indicate that the test is highly loaded with the
construct. See text for further details.
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Y= .52xDD + .68x PM + E1

where Y represents the outcome of the click lo-
calization test, DD represents the subject's perfor-
mance on the direction and distance hearing trait
factor, PM represents the subject's reaction to psy-
chophysical methods, and E represents an error
term that includes random error variance and all
other variance in the test that cannot be attrib-
uted to trait nor method. Note that the coeffi-
cients in this regression equation, when squared,
will be equal to 1.0; that is, the model structure
will partition the variance of the test into trait,
method, and unique/error components. In factor
analysis, these coefficients are called factor load-
ings. In cases where the causal coefficient was not
significant at the p < .05 level, the arrows are
represented as broken lines. Therefore, all con-
tinuous arrows represent significant associations.

Table 5 represents the factor loadings and
communalities (calculated as the sum of squared
factor loadings for a given test) from Model 1.
Significant factor loadings for traits are evidence
of convergent validity for that test. Table 5 shows
that trait-based factor loadings ranged between
.894 and .523, and all were significant at the p <

.001 level. Significant method factor loadings in-
dicate that method has a significant impact on the
outcome of a test. The significance of each factor
loading is represented in Table 5.

The significant trait-based loadings indicate
that each test provided evidence of convergent
validity. Thus, each test score provided a valid es-
timate of its respective trait (i.e., all of the sup-
posed tests of DD hearing are significantly related
to the DD hearing empirical trait, etc.). With the
exception of the LOCATE, LOCATE-SO, and the
HSI, all tests are significantly influenced by
method variance, though the degree of saturation
varied across tests. This finding suggests that the
majority of the tests in this study were signifi-
cantly impacted by intrasubject response biases
associated with the measurement method.

Note that the communality values from
Model 1 were quite high (mean communality =
.770). These suggest that the parameter values
emerging from the confirmatory factor analysis
can be expected to show a high concordance with
population values (MacCallum et al., 1999), de-
spite the relatively small sample size in this study.

Discriminant validity is estimated via the cor-
relations between trait factors. Large between-

Table 5
MTMM CFA Factor Loadings and Communalities

Traits Methods

Psychophysical Self-Report SO Report
Variables DD SS UN Method Method Method Communalities

PP LOC .523* .680* .736

LOCATE .894* -.161 .825

LOC-SO .675* -.088 .463

4FAHL .776* .452- .807

HSI .737* .286 .625

HSI-SO .828* .305r .779

CST -.709* -.576* .835

PHP .722* .635t .925

PHP-SO .817* .514t .932

PP LOC = psychophysical localization task; LOC-SO = LOCATE-SO; DD direction and distance hearing; SS soft sounds
hearing; UN = understanding in noise hearing.
p < .001; J-p < .01; 'p < .05.
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factor correlations indicate that small amounts of
unique information can be obtained by estimat-
ing a person's performance on one trait, given an
accurate estimate of the listener's performance on
the other trait. Hence, the factors are not easily
discriminable, and clinicans or clinical researchers
wishing to obtain a estimate of performance on
one of these traits that is not redundant with the
other traits should plan to use a test with an ab-
normally high proportion of trait variance. Table
6 represents the lower triangle of the between-
factor correlation matrix. All correlations among
traits were strong and significantly different from
zero below the p = .00001 level.

Although the significance of a between-trait
correlation provides a rough estimate of discrim-
inant validity, the confidence interval surround-
ing the observed correlation is of greater interest.
Two traits can have a nonzero relationship, yet
still be sufficiently different to justify estimation
in a test protocol.

These confidence intervals were estimated
through a small simulation study. In this ap-
proach, 100 data sets of the same size were syn-
thesized, combining systematic variance and ran-
dom error using the approach of MacCallum and
associates (1999) using the population correla-
tion matrix estimated by Model 1. Each of the
data sets was analyzed using EQS 5.5a, the be-

tween-factor correlations were recorded, and the
2.5% and 97.5% points on the distribution of
each correlation were identified across these 100
estimates. Using the simulation study data, the
95% confidence interval surrounding the correla-
tion between DD hearing and SS hearing was
0.72 to 0.91. The 95% confidence interval sur-
rounding the correlation between DD hearing and
UN hearing was 0.53 to 0.92. The 95% confi-
dence interval surrounding the correlation be-
tween UN hearing and SS hearing ranged be-
tween 0.91 and 1.00.

The confidence intervals estimated via these
two methods indicate that a strong relationship
exists between the trait factors. In the case of
the relationship between SS and UN hearing,
the correlation between the traits is not signifi-
cantly different from a perfect correlation, once
the effects of systematic and unsystematic irrel-
evant variance have been controlled. The simu-
lation study-based confidence intervals indicate
that DD hearing may contain a small amount of
information that would not be obtained via tests
returning perfect estimates of the other traits in
this study. Method factor correlations were not
significantly different from zero, indicating that
psychophysical, self-report, and significant-
other report methods impact scores in indepen-
dent ways.

Table 6
MTMM Factor Correlation Matrix

Psycho- Self- SO
physical Report Report
Method Method Method

Correlate DD SS UN (PP) (SR) (SOR)

DD 1.000

SS .849* 1.000

UN .855* .967* 1.000

PP 1.000

SR .220t 1.000

SOR - .273t .258t 1.000
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Another way to look at the trait and method
influences on the tests included in this study is by
examining the size of the trait, method, and error
variance components for each test. Table 7 reports
the factor loadings for each test, squared to repre-
sent variance components. Note that for all but
psychophysical estimate of DD hearing, the trait
accounts for the majority of each test's variance.
Note further that a substantial amount of variance
in many of the tests is not trait-related. This find-
ing is of considerable concern because test results
are typically interpreted as unbiased estimates of a
listener's performance on the trait. Particularly for
the tests containing large amounts of method vari-
ance, these estimates are likely to be biased up-
ward or downward, depending on the listener's
reaction to the measurement operation.

Exploratory Factor Analysis
The correlations between DD hearing and other
traits were substantially higher than those ob-
served in prior studies. This difference could ei-
ther be due to a difference in the analysis ap-
proaches, or fundamental differences in the sub-
ject population sampled in this study. To distin-
guish between these possible causes, the current
data were compared with the data obtained by

Kramer and associates (1995) via an exploratory
principal components analysis. Three factors were
rotated using a direct oblimin criterion (6 = 0).
Based on the pattern of factor loadings, these fac-
tors appeared to represent DD hearing, a merged
SS/UN hearing factor, and a factor representing
the psychophysical method. The results showed
that the DD trait factor and the merged SS/UN
factor had a between-factor correlation of ap-
proximately .48, which is quite similar to the cor-
relation observed in Kramer and associates (p =
.43). The difference between the correlations ob-
served via confirmatory and exploratory factor
analysis results seem to be a function of the dif-
ferent causal models hypothesized in each ap-
proach (Long, 1983). The implications of these
differences are discussed below.

Discussion

The goals of this study were to examine the rela-
tionship among three hearing traits, direction and
distance (DD) hearing, soft sounds (SS) hearing,
and understanding in noise (UN) hearing, while
also estimating the amounts of trait-related,
method-related, and other influences on tests de-

Table 7
Proportions of Trait, Method, and Unique/Error Variance from the MTMM CFA

Variable Trait Method Unique/Error

Psychophysical DD .27 .46 .26

LOCATE .80 .03 .18

LOCATE-SO .46 .01 .54

4FAHL .60 .20 .19

HSI .54 .08 .38

HSI-SO .69 .09 .22

CST .50 .33 .17

PHP .52 .40 .08

PHP-SO .67 .26 .07
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signed to return estimates of these traits. The re-
sults of this study suggest that these traits are
very strongly related to one another, which
means that the trait-based intersubject differences
identified by tests of unaided SS hearing are
largely the same as those identified by unaided
tests of DD hearing and UN hearing. In addition,
the results suggest that the method-based vari-
ance in psychophysical, self-report, and signifi-
cant-other report instruments are unrelated.

The strong relationships among traits do not
mean that scores from tests intended to estimate
those traits are also redundant. It only means that
the trait-based components of the test scores are
redundant. An examination of the amount of scat-
ter in Figure 3 reveals that the relative scores
across tests from a given listener often were quite
different (i.e. a listener could have had a rela-
tively high score on one test of a trait, but a rela-
tively low score on another test of the same trait).
This difference is of special concern for clinicians.
Clinicians evaluate one listener at a time, and
must use limited data to decide what is repre-
sented by a difference between test scores. The
evaluations of discriminant validity in this study
suggest that differences between tests estimating
one trait and tests estimating another trait are not
likely trait-based. For unaided adults with sen-
sorineural hearing impairment, disagreements be-
tween scores from these tests are most likely to
result from conflicting method biases and/or ex-
cessive error variance in at least one test.

The current results address an apparent con-
flict in prior studies. Noble and associates (1997)
found no significant correlation between psy-
chophysical tests of DD hearing and UN hearing
after psychophysically measured SS hearing was
controlled. Noble and associates (1995) observed a
significant partial correlation between self-report
tests of DD hearing and UN hearing, after psy-
chophysically measured SS hearing was controlled.
The current results suggest that a likely cause for
this difference is that the variables used in the
Noble and associates (1997) partial correlation
shared a common method, while the variables in
the Noble and associates (1995) partial correlation
did not share a common method. Assuming that
the tests in those studies were influenced by
method variance, the Noble and associates (1995)
significant partial correlation could have repre-
sented method covariance, while the correspond-
ing correlation in Noble and associates (1997) par-
tialed out both trait and method covariance.

The current study shows substantially
stronger relationships between DD and UN hear-
ing than previously observed (e.g., Kramer et al.,
1995; Lutman et al., 1987; Ringdahl et al., 1998).
Different analysis methods are the probable cause
of this difference. All previous studies in this area
used exploratory principal components analysis.
The exploratory factor analysis model facilitates
weaker relationships between factors because all
observed variables are modeled to be jointly
caused by all common factors or components
(Long, 1983). In the current study, tests were hy-
pothesized to be impacted by only one trait,
which is similar to how tests are scored and in-
terpreted. Lutman and co-workers (1987) and
Ringdahl and associates (1998) used varimax fac-
tor rotation, which imposes a hypothesis of un-
correlated factors on the data. Varimax rotation
tends to overcomplicate simple causal structures;
it was designed to eliminate general factors (see
Nunnally and Bernstein 1994, p. 506). Kramer
and associates (1995) used an oblique rotation of
the factors, which found only a moderate corre-
lation between self report tests of the DD hearing
and UN hearing factors. When the current data
were analyzed similarly to methods of Kramer
and associates (1995), the correlation between
the DD hearing factor and the merged SS/UN
hearing factor was quite close to the factor corre-
lations observed in their study (p = .48 vs p =
.43, respectively).

Pure Tone Thresholds as an
Estimate of Hearing Disability

Pure tone thresholds have long been considered
insufficient indicators of hearing problems in
daily life (Demorest and Walden, 1984; Erdman,
1994; Erdman and Demorest, 1998; Gatehouse,
1994; Hallberg and Carlsson, 1991; High et al.,
1964; Karlsson and Rosenhall, 1998; Kramer et
al., 1996; Marcus-Bernstein, 1986; Newman et
al., 1990; Noble and Atherley, 1970; Schow and
Nerbonne, 1980; Speaks et al., 1970; Swan and
Gatehouse, 1990). The most common interpreta-
tion of this weaker-than-expected relationship is
that pure tone threshold procedures sample a dif-
ferent trait than what dominates hearing disabil-
ity and handicap in daily life. Therefore, SS hear-
ing is expected to be empirically different from
UN and other types of hearing. The current re-
sults indicate that SS hearing is strongly related
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to DD and UN hearing. The principal cause for
finding moderate correlations between self-re-
ported and psychophysical measures of hearing
appears to be due to the influence of measure-
ment method. The correlations between tests es-
timating DD, SS, and UN hearing appear to be
limited by divergent methods, rather than diver-
gent traits. This means that clinicians observing
a discrepancy between scores on auditory tests
should not interpret the differences as an indica-
tion of inherently different trait abilities. Instead,
the clinician should look to the other two compo-
nents of each test (i.e., method variance and error
variance) for the cause of the discrepancy. One
could perhaps discriminate between the method
and error variance components by determining
whether the client also shows unexpectedly good
or poor performance on other pairs of measures
employing the same method combination. If atyp-
ical score combinations are observed with these
additional measures, method variance can be con-
sidered the most likely cause of this discrepancy.
The tester could then evaluate possible reasons
why measures employing a certain method might
be biased. In the case of psychophysical measures,
improper calibration, misunderstood instructions,
and high levels of certainty (on the listener's part)
required before making a response (i.e., a high
response criterion) could be considered potential
causes for biased psychophysical test results. In
self report measures, a propensity toward mini-
mizing or maximizing problems, the client's ac-
tivity level and lifestyle, and aberrant response
patterns (e.g., avoidance of or attraction to the
center of the response scale, etc.) could be con-
sidered potential causes for biased results. Some
of these potential causes for bias could be impor-
tant to a client's rehabilitative plan, while others
are nuisance factors.

Based on the factor intercorrelations from the
MTMM CFA, SS, and UN hearing factors were es-
sentially redundant in this sample. The observed
correlation between these factors was 0.97, and
the lower bound of the confidence interval sur-
rounding this correlation was approximately 0.90.
But it remains unclear whether, at the group
level, it is more desirable to obtain the parsimony
of assuming that DD, SS, and UN hearing are es-
sentially redundant, or if it would be better to
consider DD hearing as a strongly related yet
slightly different trait. Future work is needed to
replicate these findings and examine the implica-
tions of issue.

Although the current data indicate very
strong relationships between traits, it is incorrect
to infer that the administration of a single test of
one of these traits would provide an adequate es-
timate of a listener's underlying hearing abilities.
Each test included in this study was shown to be
at least partially flawed because of (a) substan-
tial method variance, (b) substantial error vari-
ance, or (c) substantial amounts of both. Table 7
shows that, on average, less than 60% of the vari-
ance in the tests was due to the trait, which
means that a great deal of the intersubject differ-
ences in test scores are unrelated to the trait that
the tester was intending to estimate.

How Can Method Variance be Interpreted?

Mathematically, method variance is a pattern of
intersubject differences that is associated with the
measurement method, but not the trait. For ex-
ample, some participants might expect that giv-
ing the same response to all items in a question-
naire could be considered undesirable to the
tester, and therefore they might avoid such a re-
sponse pattern. This would be an example of the
good subject effect described by Rosenthal and
Rosnow (1991). In addition, participants might
respond to the first items of a given type with rel-
ative uncertainty or randomness, but then bias
later judgments to be consistent with previous
items that they consider similar. A similar process
can be hypothesized in psychophysical tests,
where different listeners may set different criteria
for responses (e.g., different loudness levels re-
quired to before reporting hearing the tone), and
then keep this criterion throughout the test. Also,
different listeners may make different assumptions
about the test procedure and rely on those as-
sumptions during the test. For example, in the
psychophysical estimate of DD hearing, subjects
could have formed early assumptions about the
order of signal presentation across loudspeakers,
in the absence of helpful auditory cues, matched
their responses to these assumptions. This would
be especially likely with those who found the task
very difficult, because the amount of response bias
has been shown to increase with task difficulty
(Lorenzi et al., 1999a; Lorenzi et al., 1999b).

Self-report method variance components
might reflect important personal adjustment and
rehabilitative factors, regardless of whether they
are related to the listener's performance on the
auditory trait. Listeners who are rarely exposed
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to difficult listening situations (e.g., those who
rarely need to understand in noisy situations)
might not report as much difficulty in noisy situ-
ations as listeners with the same underlying abil-
ity but who are more often exposed to difficult
listening situations. Note that this type of method
variance previously described could be important
to a client's rehabilitative plan. Though it is unre-
lated to the client's inherent hearing abilities, this
type of method variance could provide meaning-
ful information about the listener's function in
daily life, in the sense that it relates to the fre-
quency of problems rather than the magnitude of
problems in a given listening situation.

Many of the tests in this study were shown to
be influenced by measurement method. This sug-
gests that, in the absence of direct evidence to the
contrary, auditory test results should be consid-
ered likely to contain considerable non-trait vari-
ance. Two thirds of the tests in this study had sig-
nificant method factor loadings; the remaining
tests had considerable proportions of unique/error
variance. Psychophysical tests were the most sat-
urated with method variance. The smallest psy-
chophysical method loading was observed with
4FAHL, with 20% of the variance in 4FAHL was
associated with the measurement method. In the
psychophysical localization test, method variance
accounted for a greater proportion of variance
than trait variance (46% and 27%, respectively).
This outcome could have been due to the diffi-
culty of the tasks in the psychophysical test of DD
hearing. The stimulus parameters for the psy-
chophysical tests in this study were configured to
identify, for the average subject, the boundary be-
tween hearing and not hearing. It is possible that
this region of performance is especially open to
method biases.

The observation of uncorrelated method fac-
tors suggests that the biases that a person uses
with one method are unrelated to those used with
another method. This means that if a person's
psychophysical test of SS hearing appears worse
because of a biasing strategy, that person is not
more likely to also bias self-report tests of SS
hearing toward worse scores.

To our knowledge, no prior MTMM studies
have been identified in the audiology literature,
although method effects have been mentioned in
some studies (Demorest and Walden, 1984;
Erdman and Demorest, 1998; Walden et al.,
1984). The results of the current study indicate
that method variance can impact many audiolog-

ic measures. The implication of this finding is that
method covariance should be considered a po-
tential cause for any observed covariance be-
tween measures using identical methods. For ex-
ample, a psychophysical estimate of SS hearing
might be correlated with a psychophysical esti-
mate of sound annoyance because of a shared
method, rather than a relationship between the
traits.

A clinician could perhaps discriminate be-
tween the method and error variance components
by determining whether the client also shows un-
expectedly good or poor performance on other
pairs of measures using the same combination of
methods. For example, if the listener shows un-
expectedly high amounts of unaided hearing
problems on the background noise subscale of the
PHAB, given their average pure tone threshold, a
clinician could administer another questionnaire
(e.g., the LOCATE or HSI), and another psy-
chophysical test (e.g., the CST) and examine
whether the same type and magnitude of differ-
ence is observed. If similar atypical score combi-
nations are observed with these additional mea-
sures, method variance can be considered the
most likely cause of this discrepancy. The clini-
cian could then evaluate possible reasons why
measures employing a certain method might be
biased. If the atypical response is limited to only
one test, the most likely cause would appear to
be measurement error. Recent problems with a
key situation, misunderstood instructions, im-
proper calibration, and transient attention prob-
lems could be considered potential causes for un-
expected scores on a single test. Note again that
some of these factors could be important to a
client's rehabilitative plan, but are not directly re-
lated to the client's hearing ability. Finally, it
would be desirable to add another observation
method (e.g., the reports of significant others) in
cases of score discrepancies. The scores for each
indicator could be integrated to create a single
score.

In cases where testers are required to use
tests with relatively low amounts of trait variance,
the current results suggest that it is reasonable,
even desirable, to combine scores obtained from
psychophysical, self-report, and significant-other
report indicators of unaided DD hearing, SS hear-
ing, and UN hearing. By combining scores from
instruments employing different methods, it is
possible to reduce the influence of method vari-
ance. Such an index of unaided performance

132



Flamme Validity of Auditory Traits

would allow the clinician to obtain a purer esti-
mate of the listener's hearing function.

To illustrate the benefit of combining scores
across measurement method, a statistical simula-
tion model was used. The luxury of using a model
in this demonstration is that, although it is im-
possible to know the true performance of a given
listener in actual conditions, the results of the
simulated tests can be compared against prespec-
ified true trait abilities (i.e., the trait factor).
Using trait, method, and error variance propor-
tions similar to those found in the current study,
simulated scores were defined for each of three
tests. The simulated scores from these tests rep-
resent the combined influences of trait, method,
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and random error. Across simulated tests, a single
trait factor was used to generate simulated scores,
but method and error influences were unrelated
to each other and to the trait.

In the simulation, better estimates of trait
scores were obtained as more tests were com-
bined. These results are represented in Figure 4.
The vertical axis in each panel of Figure 4 repre-
sents the true performance on the trait, and the
horizontal axis represents the simulated test's es-
timate of true performance. Thus, the spread of
data points is an indication of the inaccuracy of
the test as an estimator of the trait. To facilitate
the combination of scores across tests, all scores
are reported in standard (z) score units.
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Figure 4. Effect of combined scores on the accuracy of trait performance estimates. In cases where all tests
have substantial method variance, the combination of scores across tests with unrelated method variance can

result in better estimates of listener performance on the trait.
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A considerable spread of scores around the
true trait value is found in all panels of Figure 4.
The poorest estimates of trait performance were
observed for single tests, with decreasing errors
of estimation as tests were combined. For test A,
the proportion of between-score differences that
are due to differences in the trait is 0.51. Thus,
slightly more than one-half of the variance in
test A relates to the quantity that it was intend-
ed to measure. The remaining intersubject dif-
ferences in test A were due to method variance
and error variance. Similar results were ob-
served for test B (r2 = .49), and slightly im-
proved results were observed for test C (r2 =
.59). The bottom panels of Figure 4 show that
the simple combination of test scores across un-
related measurement methods (e.g., psy-
chophysical, self-report, and SO report) results
in improved estimates of trait performance.
Clinicians will note that combining results across
tests is intuitively appealing and is informally
applied in clinical settings. However, the im-
proved accuracy of combined estimates relies on
the combination of tests having unrelated
method influences. The combination of separate
scores on parallel forms of the same test would
only reduce the influence of the error compo-
nent of the test score, and would reinforce the
influence of the method component.

It is desirable to separate the impacts of
trait and method factors because it gives the
tester a better characterization of a listener's
hearing function. However, the desirability of
an unbiased estimate of performance on a trait
does not imply that method variance might not
also contain important information. Method
variance might be related to non-auditory traits
that are powerful determinants of a person's
participation restrictions. Personality, adjust-
ment, coping, and other important psychosocial
factors might be represented in method vari-
ance. As noted below, further work in this area
is needed.

Method Variance and
Hearing Aid Comparisons

The data from the current study have shown that
the results of many auditory tests are heavily in-
fluenced by non-auditory factors. These non-au-
ditory influences do more than complicate the as-
sessment of a person's hearing performance. They
also reduce the likelihood that true differences

between hearing aids (or other treatments) will
be detected in clinical trials and other treatment
comparison studies.

A study's ability to detect true underlying dif-
ferences between treatments (e.g. hearing aid X
vs hearing aid Y) is the domain of statistical
power analysis. The equations of statistical power
analysis typically do not account for differences
in the proportions of irrelevant variance in the
outcome variable (i.e., the test chosen to indicate
whether one treatment option is superior to an-
other). This is undesirable because the results of
the current study indicate that a relatively large
proportion of between-subject differences in au-
ditory tests are not likely to be changed by a treat-
ment, because treatments typically are not de-
signed to alter a listener's response to the mea-
surement situation. In addition, between-subject
differences related to measurement method are
systematic and not likely to average out in the
manner presumed by typical power equations.
This means that substantial treatment differences
are likely to be missed if the outcome variable is
heavily loaded with irrelevant variance. Figure 5
illustrates this effect. The data represented in
Figure 5 are the result of a (second) simulation
study, where a large treatment difference (i.e.,
effect size) of 0.5 standard deviation units was
applied to the trait scores of 1000 simulated ob-
servations. Simulated test scores were generated
across varying levels of method variance and sam-
ple sizes.

The most obvious feature of the data in
Figure 5 is the decrease in the observed effect size
as the test scores became more heavily loaded
with method variance. This means that observed
differences between treatments are biased toward
smaller values in tests containing larger amounts
of method variance, which implies that even
when study sample sizes are determine using con-
ventional equations, the ability of a study to de-
tect true differences between treatments is re-
duced when tests contain large amounts of
method variance. Note that the same trend was
observed across all samples of the simulated pop-
ulation, which suggests that the trend is a gener-
al impact of method variance on treatment com-
parisons. The results of this simulation study sug-
gest that in clinical trials and other studies com-
paring the impacts of treatment options, study de-
signers should attempt to use test or other out-
come variables known to have small amounts of
method variance.
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Figure 5. Impact of method variance on estimates of treatment
effects. True effect size = 0.5 standard deviations. Increased amounts
of method variance in test scores reduces the observed size of effects,
reducing the likelihood of detecting better treatments in clinical trials.

Future Research Needs

The greatest future research need pertaining to the
current study is the need for cross validation with
a larger sample. The results of the simulation study
suggest that the overall conclusions of this study
would not change if the study were replicated.
However, replication with a larger sample will like-
ly provide a narrower confidence interval sur-
rounding parameter estimates (e.g., factor corre-
lation coefficients) and also allow the exploration
of post hoc models. For example, it would have
been desirable to test a model where each of the
three tests of DD hearing was jointly determined
by DD hearing and SS hearing. However, this
model could not have a significantly better fit to
the sample data than Model 1 (freely correlated
traits and methods), because the maximum chi-
square difference would have been less than 6, and
the p < 0.05 criterion chi- square with 3 df is ap-
proximately 8. A larger overall chi-square statistic
would be expected with a larger sample, which
would allow the examination of rival models.

Further work is needed to determine
whether similar trait relationships are noted
under aided conditions. The current study sug-
gests that, on average, the conditions conveying
SS hearing also convey UN hearing and, to a

slightly lesser extent, DD hearing. However, the
relationships might be different under aided con-
ditions. DD hearing, SS hearing, and UN hearing
might not be equally impacted by hearing aids.
Hearing aids improve SS hearing by amplifying
environmental sounds above the listener's un-
aided ability. DD hearing is partially based on
binaural cues, which appear to be degraded by
hearing impairment (Lorenzi et al., 1999b). UN
hearing might consist of two factors, attenuation
and distortion (Plomp, 1978). In an unaided con-

text, these factors are confounded. Hearing aids
might improve SS hearing, but leave DD and UN
hearing relatively unaffected.

It would be helpful to know more about the
amounts of method effects in other tests and/or
acoustical conditions. In addition, the amounts of
method variance present in some of the current
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study's tests warrants further work on the nature,
measurement, correlates, and control of method
variance. Acquiescence, social desirability distor-
tions, demand characteristics (Rosenthal and
Rosnow, 1991), and personality factors might be
represented in method variance components.
There could be useful information in an under-
standing of a client's method-based biases.
Method variance might be associated with other
factors, information about which could impact a
client's rehabilitative plan.

Summary

* In an unaided context, and in spite of obvious
conceptual differences, direction and distance
hearing, soft sounds hearing, and speech un-
derstanding in noise hearing are so strongly in-
terrelated that accurate measures of a listener's
particular abilities on one of these traits would
be difficult to obtain, given prior knowledge of
performance on at least one of the others.

* The tests that are commonly used to estimate a
listener's hearing performance do not provide
sufficiently accurate and unbiased information.
Most auditory tests are heavily influenced by
method-related factors that are not impacted by
the trait expected to be measured by the test.

* Method-related variance in test scores is not re-
lated to the trait of interest, but might still pro-
vide useful information about the person being
tested.

* If a tester must use a set of tests with small
amounts of trait variance, he/she can obtain
better estimates of a person's performance on
the trait by:
* including tests that use very different mea-
surement methods (e.g., psychophysical, self-
report, and significant-other report)

* converting the scores from these tests into the
same metric (e.g., standardized scores) and

* combining the scores into an overall score.

Although this is informally done in most clinical
situations, formal procedures and norms should
be developed.

* In clinical trials, outcome measures with large
amounts of method variance are less likely to
identify treatment options that are indeed ben-
eficial. Method variance is systematic (i.e., an
individual's bias associated with a measurement
method can be expected to be stable over time
and consistently different from people with
other method biases. Because of this, the
method variance component of a person's test
score cannot be expected to average out over
repeated samples, nor can it be expected to be
changed by a treatment designed to change
performance on a trait. Observable differences
between treatments are reduced by method
variance in outcome measures.
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